A nuclear reactor space power system using m N diodes, heat pipes, and a dual c e n t r a l rod type was investigated. Ehphasis i s on the neutronic w ? out-of-pile thermionic of r e a c t i v i t y control aspects and general f e a s i b i l i t y of t h e concept. I n t h i s concept heat i s t r a n s f e r r e d from t h e r e a c t o r core t o t h e thermionic diodes by layers of radial heat pipes stacked a l t e r n a t e l y w i t h slabs of f u e l . For t h i s out-of-pile concept, which would supply 130 kWe, the reactor can be considerably smaller than t h e equivalent reactor w i t h in-pile diodes, when used w i t h a shadow shield. SUMMARY M 3 w A nuclear space power system using out-of-core thermionic diodes The purpose of t h i s study N and cooled by heat pipes has been studied. i s t o e s t a b l i s h a consistent s e t of specifications f o r t h e power system; t h e emphasis i s on neutronics and general f e a s i b i l i t y . The power system uses a cylindrical f a s t spectrum reactor f'ueled with uranium-233
Each annular l a y e r of f u e l or heat pipes is formed from sectorshaped elements. Outside the radial r e f l e c t o r t h e diodes a r e placed concentrically around t h e heat pipes. All 24 heat pipes on an axial l e v e l terminate i n a radiator which takes t h e form of a f l a t disk.
The r e a c t i v i t y control system consists of a c e n t r a l rod and a concentric tubular sheath of boron-10 carbide located along t h e cyli n d r i c a l axis of t h e reactor. The rod and sheath a r e separated ant% cooled by a concentric annular heat pipe. This work deals with a thermionic system, but one which has t h e thermionic diodes outside rather than inside the reactor core. Outs i d e t h e reactor core the radiation environment i s not so harsh and thus t h e nuclear degradation of the diodes i s l e s s t h a n i f they were i n s i d e t h e core. p i l e thermionic diodes is particularly promising when considered i n conjunction with t h e heat pipe, an e f f i c i e n t and simple method of high heat transference. Furthermore, t h i s almost isothermal heat t r a n s f e r property of t h e heat pipe allows the out-of-pile diode emitters t o be a t about the same temperature as the emitters of in-pile diodes.
The f e a s i b i l i t y and p o t e n t i a l performance of out-of-Two out-of -p i l e thermionic space power concepts ( r e f s . 2 
and 3 ) ,
each cooled by heat pipe, have been previously described. Reference 2 describes a concept which uses 1 2 0 heat pipes t o provide a power output of 36 kWe. The design i n Ref. 3 i s more ambitious i n t h a t it would supply 10 We but with a corresponding increase t o seve r a l thousand heat pipes.
I .
This difference i n power levels r e f l e c t s t h e wide range of elect r i c a l power l e v e l s t h a t w i l l be required f o r t h e v a r i e t y of future space missions. 
DESCRIPTION OF TlGBMIONIC SPACE POWER SYSTEN
The components of a thermionic power system may be categorized i n t o a heat source and i t s control system, a thermionic conversion system, and cooling systems f o r t h e waste heat.
system i s a nuclear reactor which is controlled by neutron absorbing c o n t r o l rods.
h e a t r a d i a l l y out of t h e core t o the thermionic conversion system. The heat source f o r t h i s power
The reactor i s cooled by heat pipes which t r a n s f e r t h e Following i s a des-
The Reactor
A c y l i n d r i c a l fast spectrum nuclear reactor, fueled by uranium-233 n i t r i d e (U233N) i s used as t h e heat source. 235 n i t r i d e and plutonium-239 n i t r i d e ) were compared and t h e results a r e presented i n appendix A.
cm and a diameter of 35.5 cm including t h e thickness of t h e molyb-
denum r e f l e c t o r s .
Alternate f u e l s (uranium-
The $33N reactor has a length of The f u e l i s clad w i t h 0.05 cm of tungsten (W) .
The r e a c t o r core consists of a l t e r n a t i n g fuel and heat pipe s l a b s or d i s k s . 'The thickness of each of t h e f u e l d i s k s i s l i m i t e d by t h e power density and heat t r a n s f e r c h a r a c t e r i s t i c s of t h e f u e l since the c e n t e r l i n e temperature must remain below t h e melting point of U233N.
The r e a c t o r i s r e f l e c t e d a x i a l l y on each end by 10 s p e c t , and t e s t these pie-shaped sectors individually p r i o r t o putting them together i n an assembly.
would be oriented, w i t h respect t o an adjacent heat pipe layer, s o t h a t each f u e l surface would be cooled by two heat pipes ( f i g . 2 ) .
This staggered orientation would allow t h e heat load of a f a i l e d heat pipe t o be c a r r i e d by the two flanking heat pipes.
i n mind each f u e l sector contains some tungsten t o improve t h e thermal conductivity of t h e f u e l elements.
tungsten within a fuel element it should be possible t o insure t h e i nt e g r i t y of t h e f u e l elements even i n t h e event of a f a i l u r e of nonad- almost isothermal operation of t h e heat pipe i s p a r t i c u l a r l y useful i n a thermionic conversion system because it allows t h e thermionic diodes t o be placed outside t h e reactor core i n a l e s s severe environment and s t i l l operate a t about t h e heat pipe evaporator o r i n -p i l e diode emitt e r temperature.
As previously stated, t h e heat pipe geometry has some precedence i n t h a t heat pipes with rectan-
--
The pressure of lithium is r e l a t i v e l y low, a lithium heat pipe would not operate properly below 1070 K. Therefore, since t h e collector i s a t about 1000 K, a different working f l u i d such as cesium w i l l be needed.
&se, became of t h e lower temperature, a heat pipe material l i g h t e r than tantalum may be used.
The experiments of Kernme (ref. 6) showed that because t h e vapor All collector heat pipes on a given a x i a l l e v e l terminate i n a common f l a t disk radiator which encircles the reactor ( f i g . 1 and 6 ) . This type of r a d i a t o r was described i n t h e similar reactor concept of Ref. 2. Fig; 6 i s taken d i r e c t l y from Ref. 2 it would be possible t o put planar diodes i n t h e core. son, an a l t e r n a t i v e configuration using planar i n -p i l e thermionic diodes might be considered. However, a severe l i m i t a t i o n e x i s t s i n The penalty i n reactor core size incurred by use of t h e i n -p i l e concept indicates t h e overall weight of a shadow-shielded in-pile assembly would be greater than f o r an equivalent out-of-pile assembly.
The r e l a t i v e weights of t h e two assemblies would not be s o c l e a r cut i n t h e case of f u l l or four p i shielding since t h e protrusion of t h e heat pipes through t h e s h i e l d would complicate matters. The minimum radial e x t e~s i~n fer diode m u t i n g i s 29 cm beyond t h e Thus, for a small attendant reduction i n radiator and shield weight r e s u l t i n g from t h e i r smaller radius, t h e use of loo, rather than 15' sectors, would require 5 6 more heat pipes. 
The Reactivity Control System

AXIAL POWER PROFILE A T T H E INTERIOR AND E X T E R I O R RADIUSOF THE F U E L ANNULUS THE R E A C T O R IS
